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REMARKS 

In the Office Action dated April 29, 2004, claims 1-39 were examined with the 
result that claims 5-7, 19, 21-25, 27, 29, 37, and 38 were merely objected to, and claims 
1-4, 8-18, 20, 26, 28, 30-36 and 39 were rejected. In response, Applicant has rewritten 
claims 1 and 28 and added new claims 40-49. In view of the above amendments and 
following remarks, reconsideration of this application is requested. 

Before turning to the rejections of record, Applicant would like to briefly 
summarize the amendments made to the claims. First, independent claims 1 and 28 have 
been amended herein to specify that the mesophase carbon is derived from aromatic 
hydrocarbons. Secondly, Applicant has included new claims 40-48 directed to the subject 
matter of original claim 5 (combined with claim 1) with dependent claims 41-48 
corresponding with original dependent claims 6, 7, 19, 21-25 and 27. New claim 49 is a 
combination of the teachings of original claims 28 and 29. As the Examiner has indicated 
that original claims 5 and 29 were allowable if rewritten into independent form, Applicant 
believes new claims 40-49 are now allowable. 

Concerning the rejection under 35 USC § 102(b) in light of EP 818510, this 
reference relates to the use of mesophase carbons derived from petroleum pitch. Claim 1 
has been amended to more clearly define this feature. The Examiner has pointed out that 
the pitch is derived from various process steps and is therefore considered to be synthetic. 
However, the present invention relates to synthetic mesophase carbon derived from 
aromatic hydrocarbons. As discussed in the specification in the paragraph bridging pages 
1 and 2, i.e. page 1, line 29 to page 2, line 6, synthetic mesophase carbon derived from 
aromatic hydrocarbons such as naphthalene consists of up to 100% anisotropy while 
synthetic mesophase carbon derived from petroleum pitch usually has only up to 75% 
anisotropy. While synthetic mesophase carbon has been found to be a superior precursor 
to graphitization and is extensively used in carbon fiber applications, such materials are 
usually used as a bindless mold and application temperatures are generally more than 
2000°C. As mentioned at page 2, lines 1-12 and as demonstrated by the Examples and in 
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particular Examples 1 and 2, the use of synthetic mesophase carbons derived from 
aromatic hydrocarbons produces carbon materials having a low porosity, high carbon 
yield, high composite density and good mechanical properties compared to carbon 
materials produced from carbon black. 

Furthermore, these properties also apply to a comparison of carbon materials using 
mesophase carbon derived from aromatic hydrocarbons compared to synthetic mesophase 
carbons derived from petroleum pitch. Therefore, in describing the use of mesophase 
pitch, EP 818510 is not referring to mesophase carbon derived from aromatic 
hydrocarbons and EP 818510 does not disclose all of the essential features of the 
presently claimed invention. 

In addition, EP 818510 does not disclose a binder including an optionally 
substituted phenolic resin. EP 818510 discloses the use of a composition comprising 
mesophase pitch and particulate material only, and the use of a binder is discouraged. 
The only reference to a binder and in fact, phenolic resins is in reference to prior art 
processes at column 1, where a carbonaceous reinforcing material is impregnated with 
such a resin. In this case, the resin is used as an alternative to mesophase pitch. In this 
discussion, the use of thermoset resins is discouraged with mesophase carbon because of 
processing difficulties. Hence, this reference does not teach the use of a binder including 
an optionally substituted phenolic resin and actually teaches away from the use of binders 
for processing reasons. This is a feature of the claimed invention which further 
distinguishes the invention. 

Concerning the rejection under 35 USC § 103(a) in light of EP '5 10 and Hopper et 
al U.S. 4,806,290, the f 290 invention relates to the production of carbon foams and in 
particular, the preparation of low density microcellular carbon foam or catalytically 
impregnated carbon foam. As disclosed at page 2, lines 1-12, the present invention is 
directed to the production of carbon materials having low porosity, high carbon yield, 
high composite density and good mechanical properties which is totally contrary to the 
articles produced in the cited reference. Therefore, a person of ordinary skill in the art 
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would not look to combine the teachings of EP 818510 and U.S. 4,806,290. A person of 
ordinary skill in the art would not look to combine a composition or process for 
producing a graphite like article from synthetic mesophase pitch with a process for 
producing low density microcellular carbon foam as these articles are at diametrically 
opposite ends of the spectrum in terms of material properties. 

An effort has been made to place this application in condition for allowance and 
such action is earnestly requested. 

Respectfully submitted, 

ANDRUS, SCEALES, STARKE & SAWALL, LLP 



By /^^^W-^ 
Thomas M. Wozny 
Reg. No. 28,922 

Andrus, Sceales, Starke & Sawall, LLP 
100 East Wisconsin Avenue, Suite 1 100 
Milwaukee, Wisconsin 53202 
Telephone: (414)271-7590 
Facsimile: (414)271-5770 
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(54) Riled thermoplastic, B-staged pitch preforms and composites therefrom 

(57) Riled thermoplastic pitch comprising particu- 
late filler such as carbon fiber, coke flour, powdered 
graphite or the like, in combination with advanced mes- 
ophase pitch having a TM A deformation temperature of 
at least 400° C, and a method for the manufacture 
thereof. The filled pitch may be shaped and densified in 
forming operations, and is particularly useful in provid- 
ing shaped preforms for carbon-carbon composites. 
The thermoplastic preform may be thermoset and car- 
bonized in conventional carbonizing operations without 
the use of molds and pressurized vessels. 
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Description 

This invention relates to compositions comprising 
particulate fillers and a pitch matrix which may be used 
in the production of carbon-carbon composites and to 
composites made therefrom. More particularty, this 
invention relates to B-staged. ther motor mable composi- 
tions comprising particulate fillers and a pitch matrix, 
and to a method for producing preforms and shaped 
articles from such compositions. 

Carbon-carbon composites are well known and are 
widely used in many applications where good mechani- 
cal properties at extreme temperatures and pressures 
are needed. Generally, a carbon-carbon composite 
comprises a heterogeneous combination of carbona- 
ceous reinforcing material such as carbon fibers, graph- 
ite fibers, carbon particles or the like, dispersed in a 
carbon matrix. 

Carbon-carbon composites may be made, for 
example, by carbonizing fabricated structures formed 
by impregnating a carbonaceous reinforcing material 
with pitch or an organic resin in liquid form. 

The organic resins ordinarily used in impregnating 
processes are low molecular weight, soluble, often liq- 
uid resins or resin precursors known in the art as A- 
stage thermosetting resins, and may include, for exam- 
ple, epoxy resins, phenolic resins, a variety of curable 
acrylic resins, urea formaldehyde resins, and the like 
Such resins will be advanced or further polymerized 
during or after the impregnation step to provide impreg- 
nated reinforcement in an incompletely cured or B- 
staged condition. The B-Staged impregnated material 
or prepreg remains thermoplastic and may be laid up, 
wound or otherwise fabricated and further formed or 
shaped as desired before being finally cured into a ther- 
moset composite article. The thermoset composite will 
then be carbonized or pyrolyzed in a heating step to 
decompose the matrix resin and form a shaped carbon- 
carbon composite article. The high temperatures used 
in the carbonizing process produce volatile, low molec- 
ular weight by-products that cause the formation of 
voids, blisters and other defects. Such defects may be 
minimized by carrying out the carbonizing step under 
pressure and in a mold. 

Where the impregnating material is pitch, carboniz- 
ing the impregnated reinforcing material ordinarily 
requires the use of a mold or other container. Unlike the 
cured or thermoset organic resins, pitch metis, liquefies 
and flows on heating. A containment vessel is neces- 
sary to prevent loss of the pitch component during the 
carbonizing step, and may also be needed to constrain 
the pftchHmpregnated reinforcing material to the 
desired shape. In addition, votatiles evolved during pitch 
carbonization often cause the molten pitch to foam, 
resulting in a porous, low density structure having voids 
and other defects. Prior art processes for manufacturing 
pitch-based composites have generally relied on apply- 
ing substantial pressure during the carbonizing step, 



usually employing a mold or similar pressure vessel, to 
minimize such problems. 

The known processes for manufacturing pitch- 
based carbon-carbon composites do not lend them- 

5 selves wefl to the production of complex shapes. Cast- 
ing shaped articles requires the use of expensive molds 
and pressure equipment. Reducing foaming and void 
formation in composite castings is difficult, and addi- 
tional impregnating and carbonizing post-treatments 

io are frequently needed to fill voids and cracks and to 
increase the bulk density of the resulting composite arti- 
cle. 

This invention is a thermoplastK^ly-deforrnable 
composition comprising particulate filer and an 
75 advanced mesophase pitch having a thermal mechani- 
cal analysis (TMA) deformation temperature of at least 
about 400° C, and a process for the preparation of such 
compositions. The invention may also be described as 
method for making a carbon composite using a compo- 
se srtion capable of being shaped and densified by hot- 
pressing or other means for applying pressure and heat 
to form a shaped, but still thermoplastically-deforrnable 
preform. The preform may be transformed into a shaped 
carbon-carbon composite article by heating, preferably 
25 in a substantially non-reactive atmosphere, to thermo- 
set and carbonize the pitch. 

Figure 1 is a flow diagram generally depicting the 
process for preparing the filled thermoplastic composi- 
tions and shaped articles of this invention. 
30 Figure 2 is a schematic representation of a process 
for produdng the B-staged, filled pitch compositions of 
this invention in the form of either crushed thermoplastic 
or f Died sheet. 

Figure 3 is a schematic representation of a shaping 
36 operation for producing a shaped preform by pressing 
Hied thermoplastic sheet 

Figure 4 is a schematic representation of a second 
alternative embodiment wherein a Hied thermoplastic, 
compression-molded, cylindrical body is produced. 
40 The thermoplastic, carbon ftoer reinforced pitch 
compositions of this invention comprise a filler Dis- 
persed in an advanced or B-staged mesophase pitch 
matrix. 

The particulate fillers useful in the practice of the 
45 invention are inert particulate materials in pulverized 
form which are capable of withstanding carbonizing 
temperatures. Commonly available fillers derived from a 
hydrocarbon or coal tar sources include crushed or pul- 
verized coke and coke f tour, as well as powdered graph- 
50 ite and the like. Other fillers having the necessary 
thermal stability include ceramic powders, powdered sil- 
icon carbides, aluminas and the like. 

The pitch matrix component of the compositions of 
this invention comprises an advanced or polymerized 
55 mesophase pitch. Mesophase pitch is an art-recog- 
nized term used to describe optical ly-anisotropic, insol- 
uble material that results from heating isotropic pitch at 
a temperature in the range of about 350 to 500°C. Pitch 
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having a high mesophase content may also be pro- 
duced by extracting the more soluble components from 
an isotropic pitch. However, mesophase pitch produced 
using solvent extraction wfl) generally have a softening 
point about 80°C less than thermally produced mes- 5 
ophase pitch having the same mesophase content and 
contain a higher level of vdatQes. Solvent-extracted 
mesophase pitches are therefore less preferred for the 
purposes of this invention. The characteristics of and 
methods for producing mesophase pitch are more fully 
descrbed and set forth in U.S. Patent 4.005,183, incor- 
porated herein by reference, as well as U.S. Patents 
3,976,729, 4,032,430, 4,209,500 and 4,303,631. 

Mesophase pitch ordinarily softens and becomes 
molten at temperatures well below 400°C. The pitch 
component useful in the practice of this invention is a 
further polymerized or advanced, resinous semi-solid 
formed from mesophase pitch in a process that in some 
respects resembles the transformation of an A-stage, 
liquid organic resin or resin precursor into a B-staged 
polymeric, resinous material. The degree of polymeriza- 
tion of the mesophase pitch component is advanced by 
heating at a temperature in the range of from about 350 
to 500°C, preferably from about 380 to 450°C until the 
pitch-based product is resinous and no longer liquid, 
and has a thermal mechanical analysis (TMA) deforma- 
tion temperature of at least 400°C, preferably from 
about 400 to about 500°C. The particular TMA deforma- 
tion temperature selected wDI depend in part upon the 
degree of thermoplastic character desired. Lower val- 
ues correspond to readily-moldable compositions 
requiring a more carefully-selected heating schedule for 
the subsequent carbonizing steps. Higher TMA defor- 
mation temperature values correspond to resins which 
are more difficult to mold but are more readily and 
quickly converted to a thermoset infusible structure 
without loss in shape. Resins with TMA deformation 
temperatures much above about 470°C, and particu- 
larly above about 500°C, become difficult to density and 
mold before becoming completely thermoset TMA 
deformation temperature is an art-recognized charac- 
teristic of polymeric materials. Measurement of TMA 
deformation temperature is descrfoed in 'Thermal Char- 
acterization of Polymeric materials," W. W. Wendlandt 
and P. K. Gallagher, Academic Press, Inc., New York, 
1981. 

The thermoplastic, filled compositions may be 
formed by combining from about 6 to about 80, prefera- 
bly from 25 to about 67 wt% particulate filler and, corre- 
spond n^y from about 94 to about 20, preferably from 
75 to about 33 wt% liquid, molten mesophase pitch in a 
mixing step, and then polymerizing the mesophase 
pitch by heating the impregnated reinforcement until the 
desired degree of advancement is attained. It is possi- 
ble to use a liquid isotropic pitch, however the initial heat 
treatment of the mixture of filler and pitch will include the 
periods and temperatures appropriate to converting the 
isotropic pitch into mesophase pitch. 



These heat treatments are preferably carried out in 
a non-reactive atmosphere to avoid oxidizing the pitch. 
Hot pitch reacts with available oxidizing gases such as 
oxygen, becoming oxidatively thermoset and no longer 
thermcplasticaDy deformabte. In the preparation of the 
thermoplastic compositions of this invention, any heat- 
ing of the pitch, whether to melt it to advance its TMA 
deformation temperature, or to shape it. will be carried 
out while excluding air, and preferably in an inert envi- 
ronment such as a vacuum or a substantially non-reac- 
tive, inert gas such as nitrogen or argon. Use of a 
vacuum purging operation to remove entrapped gases 
during the melting step wDI also be preferred. 

The thermoplastic composition, after heat treat- 
ment to advance or B-stage the pitch component, may 
either be cooled and stored until needed for further 
processing, or immediately subjected to a shaping and 
densifying operation. The shaping step may, for exam- 
ple, be accomplished as a compression molding opera- 
tion in which the thermoplastic composition is subjected 
to heat and pressure using a cavity mold to form the 
composition to the desired shape. The temperatures 
and times employed will be selected to accomplish the 
shaping operation while minimizing any further 
advancement of the mesophase pitch. Ordinarily, tem- 
peratures above, and generally of from about 40 to 
about 80°C above, the TMA deformation temperature 
will be used. Since the TMA deformation temperature of 
the pitch typically increases at the rate of O.SOArin. at 
450°C or 220/rrrin. at 550°C. it may be desirable to use 
a series of brief shaping operations, followed by quick 
cooling to minimize further advancement and to pre- 
clude the possibility of carbonizing the pitch and trans- 
forming the composition into a thermoset, rigid and 
intractable mass. 

The shaping operation also serves to density the 
thermoplastic composition by eliminating voids ad 
porosity. The bulk density of the advanced pitch after 
the pressure shaping operation will lie in the range of 
from about 0.5 to about 1.3, and preferably from about 
1.15 to about 1.3 g/cm 3 . 

Most preferred are compositions in which the pitch 
has a bulk density equal to the density of void-free pitch, 
which for most pitches lies generally in the range of 
1.29-1.36, or about 1.3 g/cm 3 . 

The composition, after the compressing and shap- 
ing step, wiD comprise from 5 to about 60, preferably 
from 20 to about 60 and more preferably from 30 to 50% 
by volume of the particulate reinforcement, the balance 
being pitch with a density in the above range. The over- 
all density of the Hied composition will be in the range of 
from about 1.1 to about 1.8 g/cm 3 after pressing, 
depending in part upon the filler content and the density 
of the filler employed. 

The processes used for making and forming or 
shaping the thermoplastjc compositions of this invention 
will be better understood by reference to the drawings. 
Turning now to Figure 1 shewing such a process gener- 
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ally as a series of steps in a flow scheme, particulate 1 1 
and pitch 12 are combined in a mixing step 10. The mix- 
ing will be carried out at temperatures and under condi- 
tions that render the pitch morten, generally in the range 
of from 300 to 400°C. The mixture of pitch and filler is s 
then subjected to a heat treatment 16 at a temperature 
in the range of from 350 to 500°. preferably 380-450°C, 
to advance or polymerize the pitch to the desired TMA 
deformation temperature of at least 400°C. The time 
required, which wiD depend in part upon the tempera- w 
tures employed, the size of the part and the particular 
pitch used, may be from as little as 10 mm., using the 
higher temperatures and a partly advanced pitch, to 6 
nr. or more when lower temperatures, large parts and/or 
highly-fluid pitches are used. The B-staged, thermo- is 
plastic composition 17 which may, if desired, be cooled 
and stored until needed, may be further processed in a 
shaping operation 18, using heat and mechanical pres- 
sure to shape and density the material. The resulting 
thermoformable, shaped preform 19 has a overall den- 20 
sity of from about 1.1 to about 1.8, and the advanced 
pitch component has a bulk density of from 0.5 to about 
I.Sg/cm 3 . 

Turning now to Figure 2, a embodiment of the proc- 
ess is shown wherein particulate filler 1V such as for 25 
example calcined coke flour, and crushed or powdered 
pitch 12' are first thoroughly mixed as solids in mixing 
means 20. The mixed solids are then placed in vessel 
22, which may conveniently take the form of a flat, shal- 
low pan, as shown, and passed into an even 25 or sim- 30 
ilar heating means having the capability of maintaining 
an inert gas environment. The pitch and filler mixture is 
then heated first to a temperature in the range of 300° to 
400°C to melt the pitch, then to a temperature in the 
range of 400° to 50O°C for a period sufficient to advance 35 
the resin to a TMA deformation temperature of at least 
400°C. The B-staged. filled thermoplastic pitch 27 will 
then be cooled and separated from vessel 22 to provide 
B-staged filled thermoplastic in sheet form 28 which 
may be used directly in a subsequent shaping operation 40 
or crushed, providing powdered material 29 for use in a 
subsequent molding step. 

The shaping and densifying operation, which may 
also be accomplished as part of a continuous process, 
will vary depending upon the form of the B-staged filled 45 
thermoplastic pitch. As shown in Figure 3, B-staged 
filled thermoplastic sheet 28\ which may be made by a 
batch process such as that of Figure 2 or in a continu- 
ous process, may be cut to an appropriate size and hot 
pressed by being placed in a heated mold 35, rapidly so 
heated under an inert atmosphere above the TMA 
deformation temperature, quickly pressed 36 and then 
cooled to provide a shaped preform 37. In the alterna- 
tive embodiment of Figure 4, the filled, B-staged ther- 
moplastic pitch is employed in the form of a pulverized ss 
material 291. Such materials may be prepared for 
example by pelletizing the filled pitch, or by chopping or 
crushing advanced, filled pitch sheet which may be pre- 



pared using the process described and shown as Figure 
2. The particulate material may be molded by being 
placed in a mold 35*, preferably evacuated, and then hot 
pressed 36* in a inert environment to form a filed ther- 
moplastic pitch cylindrical preform 37*. 

It will be apparent that the filled thermoplastic pitch 
compositions of this invention may also be prepared 
and shaped in a integrated process such as, for exam- 
ple, by puftrusion. sheet extrusion and the like, and 
compressed or densified using alternate means for 
applying mechanical pressure such as by passing the 
heated, thermoplastic composition under rollers or 
through the nip of a two-roll mill or similar device. 

An alternative embodiment envisions providing a 
sheet formed of filled, B-staged, thermoplastic pitch, 
heating the sheet to soften the pitch component, then 
subjecting the sheet to a shaping and densifying opera- 
tion by further heating and moving the filled sheet 
through a plurality of rollers positioned to contact the 
surfaces of the sheet to density and further shape the 
sheet The shaped and densified filled thermoplastic 
sheet or preform may then be thermoset and carbon- 
ized by being passed through a high temperature car- 
bonizing furnace, providing a carbon-carbon composite 
sheet It will be understood that this process may be 
either a batch or continuous operation, and may be 
adapted to provide sheet structures of substantial 
length, or with other cross-sections and profiles such as 
rectangular, oval, channel or the like, through use of 
appropriately-shaped rollers and dies. 

The invention will be better understood by consider- 
ation of the following examples. These examples are 
provided to illustrate the principles of the invention and 
the practice thereof and are not intended to be limiting 
of the invention. 

In the following examples, the densities of molded 
materials were determined by calculation from the 
weights and the measured dimensions of the articles. 
Densities were independently verified by immersion 
methods in several instances and found to correspond 
within ±.05 g/cm 3 . The TMA deformation temperatures 
for composites were estimated from a time/TMA defor- 
mation temperature plot of data generated by heating a 
series of 50 gmesophase pitch samples at 450°C under 
nitrogen for varying periods of time, then measuring the 
TMA deformation temperature for each sampla The 
TMA deformation temperature of the pitch before treat- 
ment was 215°C. Interpolation to accommodate other 
heating temperatures can be done by calculation from 
the 450°C data. 

Except for Control Example B, TMA deformation 
temperatures in the following Examples were measured 
using specimens made by compacting well-pulverized, 
powdered pitch. The compacts were placed in the sam- 
ple holder with the probe at the surface of the sample. 
The values for the Control B specimens were deter- 
mined on a compacts made from pitch that had not 
been previously pulverized, and having the thermocou- 
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pie inserted into a prepared opening in the compact to 
assure better heat transfer. While the two methods of 
sample processing were reproducible, the powder com- 
pact method gave values of about 400 higher, due 
largely to oxidizing of the pitch during the pulverizing 
step. 

Mesophase pitches used in the following examples 
were prepared by well-known methods. A typical mes- 
ophase pitch having a mesophase content of 70 wt% 
(by optical methods) ad a Mettier softening point of 
about 325°C was prepared by heating and steam sparg- 
ing at 400°C a precursor petroleum pitch having a den- 
sity of 1 .233 g/cm 3 , a softening temperature of 120.5°C. 
and containing 0.83 percent by weight of quinoline 
insolubles (as measured by quinoline extraction at 
75°C). By elemental analysis, the precursor pitch was 
C=93.3%; H=5.6%; S=0.94% The ash content was 
0.044%. 

EXAMPLE 1 

Pitch-based carbon fber was chopped to 1/4" 
lengths, and 3 g of the chopped fber was mixed with 7 
g of powdered mesophase pitch. The mixture was com- 
pacted to form a 2 1/4" disc by pressing at room temper- 
ature, using a pressure of 8300 psi. The compacted 
mixture was heated under vacuum over a 1 3/4-hour 
period to 400°C, then under nitrogen at 2 atra to 450°C 
over 3/4 hour and held for 7 1/2 hours at temperature, 
and then cooled. The TMA deformation temperature of 
the material was estimated as 450-470°C. 

The cooled thermoplastic composite was broken 
into pieces, placed in a 2.43" diameter cfisc mold and 
heated under nitrogen to 525°C. The material was then 
hot pressed at 525°C and 9500 psi, then cooled to pro- 
vide a 2.43" x 0.1" thermoplastic disc preform having a 
density of 1.33 gfcm 

Thermosetting the disc was accomplished by heat- 
ing the disc under nitrogen at 552°C. 

EXAMPLE 2 

The procedure of Example 1 was substantially fol- 
lowed to prepare 2.4" discs from a mixture of calcined 
petroleum coke flour (55% of the particles being smaller 
thin 200 mesh) and mesophase pitch. The proportions 
of filler to pitch was 30/70. The resulting thermoplastic 
disc preform was 2.43" x 0.1", and had a density of 1.48 
g/cm 3 . The disc preform was thermoset at 552°C. 

EXAMPLE 3 

The procedure of Example 1 was substantially 
repeated using a 30/70 mixture of calcined petroleum 
coke particles and mesophase pitch. The particle size 
range was through 20 mesh, on 35 mesh, correspond- 
ing to particle sizes of from 0.24 and 0.84 mm The 
resulting disc preform had a thickness of 0.14 inches 



and a density of 1 .46g/cm 3 . The cfisc was thermoset fol- 
lowing the procedure of Example 1. 

CONTROL EXAMPLE A 

5 

Mesophase pitch (50 g) was heated under nitrogen 
to 450°C over a 4-hour period, then held at temperature 
an additional 6 hours. The TMA deformation tempera- 
tures of two samples were 446 and 448°C. The 
10 advanced or B-staged pitch was then powdered and 
placed in a 2 1/4* diameter disc mold. The mold was 
enclosed in tool-steel foil to exclude air, heated to 51 5°C 
and pressed at 2000 psi. The 2 1/4" disc of densified. 
thermoplastic pitch, removed after cooling to room tern- 
's perature, was approximately 0.1" thick and had a den- 
sity of 1.31 g/cm 3 . 

The thermoplastic disc was then heated without a 
mold to 550°C to thermoset the pitch. Various thermo- 
set samples were successfully carbonized by heat treat- 
20 merits at temperatures of 1000, 2000 and 3000°C, 
giving minimum uniform densities of 1.6-2.0 g/cm 3 for 
materials treated at 3000°C. 

CONTROL EXAMPLE B 

25 

A mesophase pitch was heat treated at 450°C for 5 
hours to give an advanced mesophase pitch disc with a 
TMA deformation temperature of 433*0. A powdered 
sample of the advanced mesophase pitch was pressed 

30 at room temperature to form a cylindrical pellet 1.26" in 
diameter having 1" height The pellet was placed in the 
2 1/4" disc mold, heated under nitrogen at 1 1.2°C/min. 
to 470°C, then to 500°C over an additional 5 minutes, 
and pressed at 500°C using 8000 psi applied pressure. 

35 The disc, removed from the mold after cooling under 
pressure to room temperature, was thermoplastic and 
had a TMA deformation temperature of 455°C, demon- 
strating that the mokfing step of the process of this 
invention does not thermoset or coke the advanced 

ao mesophase pitch component The TMA deformation 
temperatures of materials in this Control Example B 
were measured on compacted specimens prepared 
without pulverizing. 

The invention will thus be seen to be a thermoplas- 

45 tic composition comprising an advanced or B-staged 
mesophase pitch and a particulate ffller. The pitch com- 
ponent will have a TMA deformation temperature of at 
least 400°C. The overall composition will have a density 
of from 1.1 to about 1.8 g/cm 3 , and comprise from 5 to 

so about 60% by volume filler and, correspondingly, from 
95 to about 40% by volume advanced mesophase pitch 
having a density of from 0.5 to about 1.3 g/cm 3 . The 
compositions are prepared by a process comprising the 
steps of combining and mixing the filler and pitch, heat- 

55 ing to render the pitch molten and Gquid. advancing the 
pitch by a heat treatment to a TMA deformation temper- 
ature of at least 400°C. and shaping and densifying the 
composition by applying pressure at a temperature 
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above the TMA deformation temperature. The composi- 
tions of this invention are particularly useful in the pro- 
duction of carbon-carbon composites by carbonizing 
the compositions at elevated temperatures in excess of 
1000° C using conventional carbonizing processes. 

Claims 

1. A thermoplastic composition comprising from about 
6 to about 80 wt% particulate filler and from 94 to 
about 20 wt% advanced mesophase pitch. 

2. A thermoplastic composition comprising advanced 
mesophase pitch having a deformation tempera- 
ture in the rage of from 400 to 500°C, and from 5 to 
about 75 % by volume of a particulate filler, said 
composition having a bulk density of from 1.1 to 
about 1.8 g/cm 3 . 

3. The composition of claim 1 or 2 wherein the bulk 
density of the advanced mesophase pitch compo- 
nent is from 0.5 to about 1.3 g/cm 3 

4. A method for making a filled thermoplastic pitch 
composition comprising the steps of: 

(a) combining a particulate filler with a pitch 
and heating to provide a filled pitch mixture; 

(b) heating said filled pitch mixture to polymer- 
ize and advance said pitch to a TMA deforma- 
tion temperature of at least 400°C. 

5. The method of claim 4 further comprising the step 
of shaping and densifying said filled thermoplastic 
pitch composition by applying pressure at a temper- 
ature above said TMA deformation temperature to 
provide a thermoplastic composition having a den- 
sity in the range of from 1.1 to about 1.8 g/cm 3 . 

6. A method for making a filled thermoplastic pitch 
composition comprising the steps of: 

(a) combining a particulate filler with a pitch 
and heating to render the pitch molten; 

(b) polymerizing and advancing the pitch in an 
inert atmosphere to a TMA deformation tem- 
perature of from 400 to 500°C°; 

(c) applying mechanical pressure to the filled 
pitch at a temperature above the TMA deforma- 
tion temperature to increase the density to a 
value of from 1.1 to about 1.8 g/cc 3 . 

7. The method of claim 4, 5, or 6 wherein the particu- 
late fOler is selected from the group consisting of 
carbon fber, pulverized coke, coke f four and pow- 
dered graphite. 

8. A carbon-carbon composite made by carbonizing 
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the thermoset structure of any of claims 1-7 by 
heating at a temperature of greater than about 
1000° C. 

5 9. The composite of Claim 8 wheren said temperature 
is greater than about 3000° C. 



10 



15 



20 



25 



30 



35 



40 



45 



50 



6 



EP 0818 510 A1 



MOLTEN ^ 
PITCH 

!L_J 

\ / 



PARTICULATE 
RLLER 
II 



heat; mix 10 
300- 40a - c 



ADVANCE 16 
35O-5O0*C 



B-STAGED 
RLLED 
PITCH 17 



SHAPE, DENSITY 18 

440-550° C 
IOO-2Q0OOpsi 



THERMOPLASTIC 
PREFORM 

19 



THERMOSET, 
CARBONIZE 




FIG. I 

7 



EP 0818 510 A1 



POWDERED 

PITCH . 
12' 



PARTICULATE 
FILLER 

II* 




20 



HEAT, MELT ADVANCE 
300-400° C 350-500* C 



27 




PULVf 
B -STAGED 
FILLED PITCH 



STAGED, FILLED, 
PITCH SHEET 



FIG. 2 



8 



EP 0818 510 A1 




FIG. 3 

9 



EP 0 818 510 A1 




PULVERIZED 
B-STAGED, 
RULED PITCH 




FIG. 4 



10 



EP 0818 510 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 96 38 4864 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Catet*ry 



RcfcVMt 



CLASSIFICATION OF THE 
APPLICATION (b*£L6) 



DE-A-14 78 741 ( B E RGWERKS V ERB AND ) 26 
February 1969 

* the whole document * 

FR-A-2 619 184 (KOBE STEEL LTD) 18 
February 1989 

* the whole document * 

US-A-4 929 484 (TAKAHASHI KUNIMASA ET AL) 
29 Hay 1998 

* the whole document * 



C88L95/88 
C88K3/08 
C88K7/02 
C88K3/94 



TECHNICAL FIELDS 
SEARCHED (UtCLf) 



C88L 

C88K 



lac present search rcpart has bee* *m ap for «■ i 



8 



THE HAGUE 



28 August 1996 



Leroy, A 



CATEGORY OF CITED DOCUMENTS 



X : particularly relevant if take* aioae 
Y i psrttcalaxfy i clout if c 
aocuKat of the i 

O : n o n-ai m 

P : latumtalitc tfocntent 



T : theory or prhidite urierfyiag the ami 
E : oilier ntnt ■innTnt, bat Mofishea 

after the filing ate 
D : ucBBwat dtol im the aaptka fl oa 
L J acoBMat cttal far other rensans 



o»»or 



of the s 



s patent family, cot m pnai' l ng 



11 



